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We report resistance and elastoresistance measurements on (Ba0.5K0.5)Fe2As2, CaKFe4As4, and
KCa2Fe4As4F2. The Fe-site symmetry is D2d in the first compound, while C2v in the latter two,
which lifts the degeneracy of the Fe dxz and dyz orbitals. The temperature dependence of the
resistance and elastoresistance is similar between the three compounds. Especially, the [110] ela-
storesistance is enhanced with decreasing temperature irrespective of the Fe-site symmetry. This
appears in conflict with recent Raman scattering studies on CaKFe4As4, which suggest absence of
nematic fluctuations. We consider possible ways of reconciliation and suggest that the present result
is important in elucidating the origin of in-plane resistivity anisotropy in iron-based superconductors.
Parent compounds of iron-based superconductors typ-
ically exhibit a tetragonal-to-orthorhombic structural
phase transition at Ts and a stripe-type antiferromag-
netic transition at TN (6 Ts) [1–3]. In spite of the tiny
orthorhombicity δ = (a − b)/(a + b) = 2 − 4 × 10−3
[2, 3], noticeable in-plane anisotropy appears in vari-
ous electronic properties below Ts as revealed by e.g.
resistivity[4], optical conductivity [5, 6], inelastic neutron
scattering (INS) [7, 8], and NMR measurements [9]. We
especially note that angle-resolved photoemission spec-
troscopy (ARPES) measurements show that the degen-
erate dxz and dyz levels of Fe in the tetragonal phase
split considerably below Ts [10]. Those observations sug-
gest that the transition at Ts is electronically driven, and
hence it is regarded as an electronic nematic transition
(see e.g. [11–13] for a review). However, which electronic
degrees of freedom, spin or orbital, is responsible for the
nematic transition is still highly debated [11, 14]. The
primary order parameter of the nematic phase would be
deduced from the difference in spin fluctuations at Q =
(pi, 0) and (0, pi) (1-Fe unit cell) in the former case, while
it would be the difference in the occupation between the
dxz and dyz orbitals in the latter [11].
Nematic fluctuations in the tetragonal phase above Ts
are probed by various techniques. The elastoresistance,
which we report on in this article, refers to the change
in the resistance ∆R/R as the strain  is applied and
is defined as m = d(∆R/R)/d, which is a measure of
resistivity anisotropy between the strain direction and
the perpendicular direction induced by the strain. The
elastoresistance with strain applied along the tetragonal
[110] direction, which becomes the a or b axis in the or-
thorhombic phase below Ts, is assumed to be a proxy
for the nematic susceptibility [15]. Raman scattering in
B1g symmetry (1-Fe unit cell) can detect nematic fluc-
tuations and hence can be used to derive the nematic
susceptibility [16–24]. The shear modulus can also be re-
lated to the nematic susceptibility [25]. Nematic suscep-
tibilities in 1111-, 122-, and 11-iron-based superconduc-
tors (or parent compounds) estimated by these different
techniques are broadly consistent (when comparison can
be made), exhibiting strong enhancement as T → Ts (or
T → 0 in the case of moderately overdoped compounds
where the structural transition does not occur down to
absolute zero) [15, 17, 23–40].
In this context, it is intriguing that recent Raman scat-
tering measurements on CaKFe4As4 [41] fail to observe
nematic fluctuations [42, 43], despite the fact that the
[110] elastroresistance is enhanced with decreasing tem-
perature [44]. The authors of [43] ascribe the absence
of nematicity in CaKFe4As4 to the lowered symmetry of
the Fe site (see Fig. 1). The Fe site symmetry in 1111-,
122-, and 11-type iron-based superconductors (or par-
ent compounds) is D2d, where the dxz and dyz orbitals
are degnerate. On the other hand, the Fe site symme-
try in CaKFe4As4 is C2v as explained in Fig. 1, where
the dxz and dyz orbitals are no longer degenerate. The
authors argue that this would result in a static antiferro-
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FIG. 1. Crystal structures of (Ba0.5K0.5)Fe2As2, CaKFe4As4,
and KCa2Fe4As4F2 (from left to right, prepared using the
software VESTA [47]). In (Ba0.5K0.5)Fe2As2, the Fe layers
are located at z = 1/4 (and equivalent), and the heights (dis-
tances) h measured from the Fe layers of the As layers above
and below are the same. The symmetry of the Fe site is D2d,
where the dxz and dyz orbitals are degenerate. In CaKFe4As4
and KCa2Fe4As4F2, the Fe layers are displaced from z = 1/4,
and the height h1 of the As layers above and h2 of the As
layers below are different. The symmetry of the Fe site is
lowered to C2v, where the dxz and dyz orbitals are no longer
degenerate.
quadrupolar (AFQ) order and preclude “Pomeranchuk-
like fluctuations” [43].
The present study was motivated by this contradic-
tion. We perform elastoresistance measurements on
(Ba0.5K0.5)Fe2As2, CaKFe4As4, and KCa2Fe4As4F2 [45].
As Fig. 1 shows, CaKFe4As4 is an ordered hybrid
of two 122 compounds CaFe2As2 and KFe2As2, while
KCa2Fe4As4F2 is that of a 1111 compound CaFeAsF [46]
and KFe2As2. The three compounds have the same dop-
ing level of 0.25 holes per Fe, corresponding to a slightly
overdoped region, and remain tetragonal down to abso-
lute zero temperature. The Fe-site symmetry of the first
one is D2d, while that of the latter two is C2v (Fig. 1).
The first one is measured for comparison. We confirm the
enhancement of the [110] elastoresistance in CaKFe4As4
reported in [44], and further find that the [110] elastore-
sistance is also enhanced in KCa2Fe4As4F2. Implications
of the results will be discussed.
Single crystals of (Ba0.5K0.5)Fe2As2 and CaKFe4As4
were prepared in Tsukuba using KAs and FeAs as flux,
respectively, and were thoroughly characterized as de-
scribed in [48, 49]. For the former, crystals were picked
up from the same growth batch as the x = 0.51 sample of
[48], but considering the known composition variation of
a few percentages from crystal to crystal within a same
growth batch, we round the composition off to 0.5. Sin-
gle crystals of KCa2Fe4As4F2 were grown in Shanghai
using KAs as flux and were thoroughly characterized as
described in [50].
For electrical resistance and elastoresistance measure-
ments, [110]- and [100]-oriented samples were cut from
grown crystals. To gain the full strain transmission in
elastoresistance measurements [15, 28], samples with the
thickness less than 50 µm and the length larger than 1
mm were used. X-ray diffraction was employed to de-
termine the crystal axes. Electrical contacts were spot-
welded or made using silver paste. Elastoresistance was
measured using a piezostack in a similar way to [15]. A
sample and a strain gage were glued on the surface of a
piezostack, and the sample resistance R was recorded as
a function of the strain  as the operating voltage of the
piezostack was ramped up and down. Instead of holding
a constant temperature for each measurement, we col-
lected R vs  data continuously, slowly cooling or warm-
ing the sample (typically 0.3 K/min), and corrected the
data for the resistance variation due to the temperature
variation to determine the elastoresistance [51]. Results
reported below are for the longitudinal configuration, i.e.,
the current I was applied parallel to the strain . The
elastoresistance coefficients m[110] and m[100] were mea-
sured with I ‖ [110] and [100], respectively. Nematic
fluctuations under consideration enhance m[110] but do
not m[100]. In some previous studies, using both lon-
gitudinal and transverse configurations, values of 2m66
and (m11 - m12) were determined, where mij ’s are com-
ponents of the elastoresistance tensor [26]. m[110] and
m[100] are practically proportional to 2m66 and (m11 -
m12) [15, 31, 52].
Figure 2 shows the temperature dependence of the
resistance and elastoresistance for (Ba0.5K0.5)Fe2As2,
CaKFe4As4, and KCa2Fe4As4F2. For each compound,
the same sample was used to measure the temperature
dependence of the resistance and [110] elastoresistance,
while a different sample was used for the [100] elastoresis-
tance (it is impossible to remove epoxy without damaging
samples). In addition, at least one more sample for each
compound was measured to confirm the reproducibility
of the [110] elastoresistance. For the [110] samples used in
the figure, the residual resistivity ratio defined as R(300
K)/R(36 K) and superconducting transition temperature
Tc determined from the midpoint of transition are sum-
marized in Table I. The large residual resistivity ratios
and transition temperatures indicate the high quality of
our samples. Although the actual resistivity ρ is not easy
to accurately determine because of uncertainty in the
sample dimensions and inhomogeneous current distribu-
tion, especially along the interlayer direction, resistivities
at T = 300 K of (Ba0.5K0.5)Fe2As2 and CaKFe4As4 were
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FIG. 2. Temperature dependence of resistance (a, c, e) and elastoresistance (b, d, f) for (Ba0.5K0.5)Fe2As2, CaKFe4As4,
and KCa2Fe4As4F2 (from left to right). The broken lines in (a, c, e) are the temperature derivatives. In the elastoresistance
measurements (b, d, f), the electrical current I and the strain  are parallel and applied parallel to [110] and [100]. The broken
lines show Curie-Weiss fits m[110] = C/(T − θ) +m0 to the [110] data in the region between 100 and 185 K (see text).
TABLE I. The first column shows resistivities at T = 300 K of (Ba0.5K0.5)Fe2As2 and CaKFe4As4 estimated from measurements
on four and five samples, respectively. Resistivity was not determined for KCa2Fe4As4F2. The rest of the columns show values
determined for the [110] samples of Fig. 2: residual resistivity ratio defined as R(300 K)/R(36 K), superconducting transition
temperature Tc determined from the midpoint of transition, the coefficients C, θ, and m0 determined from the Curie-Weiss fit
to the [110] elastoresistance data (see text).
ρ(300 K) (µΩ cm) R(300 K)/R(36 K) Tc (K) C (K) θ (K) m0
(Ba0.5K0.5)Fe2As2 430(180) 14 34.8 1280(20) 44.3(5) -3.6(1)
CaKFe4As4 350(190) 17 35.9 890(20) 49(1) -3.7(2)
KCa2Fe4As4F2 – 12 33.7 750(20) 45(1) -1.8(1)
estimated from measurements on four and five samples,
respectively, and shown in the table as well. The resis-
tivity was not determined for KCa2Fe4As4F2 because of
technical reasons. The dashed lines in Figs. 2(b), (d),
and (f) are Curie-Weiss fits m[110] = C/(T − θ) +m0 to
the [110] data in the temperature range between 100 and
185 K (the upper bound 185 K was set because it was
the highest temperature for the elastoresistance measure-
ments on KCa2Fe4As4F2). The estimated parameters C,
θ, and m0 are also listed in Table I.
The three compounds show a similar temperature de-
pendence of resistance [Figs. 2(a), (c), and (e)]: the R(T )
curves are slightly concave at high temperatures and be-
come convex at low temperatures. The inflection point is
86, 93, and 69 K for (Ba0.5K0.5)Fe2As2, CaKFe4As4, and
KCa2Fe4As4F2, respectively (see the derivative curves).
Furthermore, the derivative curves (dashed lines) of the
former two compounds emphasize a particularly close
similarity between them.
The measured [110] elastoresistances are enhanced con-
siderably with decreasing temperature irrespective of the
Fe-site symmetry, while the [100] ones are much smaller
and much less temperature dependent [Figs. 2(b), (d),
and (f)]. The [110] elastoresistances can be described
well by the Curie-Weiss formula down to ∼100 K (dashed
lines) but deviate downward at lower temperatures. Al-
though the coefficient C in (Ba0.5K0.5)Fe2As2 is con-
siderably larger than those in the other two (Table I),
its significance is unclear. A quantitative analysis of C
would require an elaborate theory dealing with changes
in the electronic structure and electron scattering due
to an applied strain. The [110] elastoresistance data
for (Ba0.5K0.5)Fe2As2 is qualitatively consistent with the
2m66 data for (Ba0.6K0.4)Fe2As2 [28]. The present fit pa-
rameter θ = 44.3(5) K (Table I) is close to θ = 46.1(2.4)
K reported in [28]. The [110] elastoresistance data for
CaKFe4As4 is also qualitatively consistent with the 2m66
data reported in [44].
In order to compare the [110] elastoresistance data be-
tween the three compounds, we prepared two types of
plots (Fig. 3). Figure 3(a) shows C(m[110] −m0)−1 as a
function of temperature. The [110] elastoresistance data
of the three compounds show similar behavior: a Curie-
Weiss behavior (i.e. straight line) in a limited tempera-
ture range, upward deviation at lower temperatures, and
downward deviation at higher temperatures. This is ac-
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FIG. 3. (a) C(m[110] − m0)−1 and (b) m[110]T as a func-
tion of temperature for (Ba0.5K0.5)Fe2As2, CaKFe4As4, and
KCa2Fe4As4F2. m[110] is the [110] elastoresistance shown in
Figs. 2(b), (d), and (f), while C and m0 are the Curie-Weiss
fit parameters listed in Table I. The dashed line in (a) corre-
sponds to the Curie-Weiss to the CaKFe4As4 data shown in
Fig. 2(d).
tually typical behavior observed in many other iron-based
superconductors, especially nearly optimally doped com-
pounds [28, 31, 52]. Figure 3(b) shows m[110]T as a func-
tion of temperature. This plot was motivated by the
following idea: for a local magnetic moment system, a
plot of χT vs T , where χ is the magnetic susceptibility,
would give a flat line in the absence of interaction be-
tween the moments, but, generally, would show enhance-
ment or suppression of χT as temperature is lowered
depending on whether the interaction is ferromagnetic
or antiferromagnetic, and hence could give some insight
into the interaction. Figure 3(b) again emphasizes the
particularly close similarity between (Ba0.5K0.5)Fe2As2
and CaKFe4As4: the two curves are almost parallel, in-
dicating that the elastoresistance is similarly enhanced
with decreasing temperature. It is also interesting to
note that for these two compounds m[110]T does not di-
verge but rather levels off or slightly decreases at low
temperatures. KCa2Fe4As4F2 behaves differently in this
plot. While the former two compounds are a 122 com-
pound and a hybrid of 122’s, the last one is a hybrid of a
122 and CaFeAsF. CaFeAsF has a more two-dimensional
electronic structure and stronger electronic correlations
than 122 compounds [53–55], and KCa2Fe4As4F2 itself
is also highly two-dimensional [50, 56]. These might be
related to the difference.
Our experimental results show that (Ba0.5K0.5)Fe2As2,
CaKFe4As4, and KCa2Fe4As4F2 exhibit similar tempera-
ture dependence of resistance and elastoresistance. Espe-
cially, the similarity between the former two compounds
is striking. This indicates that the electronic structure
and scattering mechanisms, which dominate the elec-
trical conduction, are similar between the three com-
pounds. If the enhancement of the [110] elastoresistance
in (Ba0.5K0.5)Fe2As2 is ascribed to nematic fluctuations,
as widely believed, it therefore appears natural to ascribe
the enhancement in the latter two compounds to nematic
fluctuations as well. However, this assumption is in con-
flict with the Raman scattering studies on CaKFe4As4
[42, 43], which did not observe nematic fluctuations as
already mentioned. We consider two possibilities to re-
solve this conflict in the following.
Firstly, one can argue that, although nematic fluc-
tuations exist in CaKFe4As4, they were missed in the
Raman studies. As suggested in [43], nematic fluctua-
tions in the charge/orbital sector may be precluded by
the AFQ-order-like arrangement of the dxz and dyz or-
bitals in CaKFe4As4. However, it does not necessar-
ily mean that spin-driven nematicity, for which the de-
generacy of the dxz and dyz orbitals is not a prerequi-
site, is precluded. We note that Raman scattering due
to nematic fluctuations in hole-doped (Ba1−xKx)Fe2As2
[57] is already weaker than that in electron-doped
Ba(Fe1−xCox)2As2 [17, 23]. It is necessary to theoret-
ically examine if the lowered Fe-site symmetry or the ab-
sence of nematic fluctuations in the charge/orbital sector
in CaKFe4As4 may further suppress Raman scattering
intensity (to the extent that scattering due to nematic
fluctuations is missed). Raman scattering measurements
on KCa2Fe4As4F2 are also desirable.
Secondly, one can argue that enhanced elastoresistance
does not necessarily indicate enhanced nematic fluctua-
tions. Fluctuations of some order parameter other than
nematic ones may also enhance the elastoresistance if it
couples to the lattice, breaks tetragonal symmetry, and
brings about a unidirectional in-plane anisotropy in the
electronic structure and/or scattering. In the present
case, mere stripe-type spin fluctuations without nematic
correlations already suffice. The enhancement of spin
fluctuations with decreasing temperature is observed in
NMR and INS measurements on CaKFe4As4 [58–61] and
KCa2Fe4As4F2 [62]. As a strain is applied, spin fluc-
tuations at (pi, 0) and (0, pi) become inequivalent, which
can result in resistivity anisotropy. INS measurements on
CaKFe4As4 and KCa2Fe4As4F2 under uniaxial pressure
are desirable to assess the validity of this scenario.
Finally, it is highly debated whether the in-plane re-
5sistivity anisotropy in iron-based superconductors is due
to anisotropic scattering or anisotropic Fermi surace
[27, 30, 63–75]. If the AFQ-order-like arrangement of
the dxz and dyz orbitals in C2v Fe-site compounds [43]
suppresses Fermi surface deformation due to an applied
strain, the present observation of enhanced elastoresis-
tance in CaKFe4As4 and KCa2Fe4As4F2 may suggest the
dominant role of anisotropic scattering.
In conclusion, we have observed that
(Ba0.5K0.5)Fe2As2, CaKFe4As4, and KCa2Fe4As4F2
exhibit similar temperature dependence of resistance
and elastoresistance. The [110] elastoresistance is
enhanced irrespective of the Fe-site symmetry, which
appears in conflict with the previous Raman studies
[42, 43]. We suggested two possible ways of reconcili-
ation: The first one assumes that nematic fluctuations
were missed in the Raman studies, while the other as-
signs the enhanced elastoresistance to fluctuations other
than nematic ones. We also suggested that the present
result might shed new light on the issue of the origin of
the resistivity anisotropy in iron-based superconductors.
Further studies on C2v Fe-site compounds, not only
experimental ones but also theoretical ones, are clearly
called for.
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